Activity dependent removal of agrin from synaptic basal lamina by matrix metalloproteinase 3.
Agrin is a heparan sulfate proteoglycan, which plays an essential role in the development and maintenance of the neuromuscular junction. Agrin is a stable component of the synaptic basal lamina and strong evidence supports the hypothesis that agrin directs the formation of the postsynaptic apparatus, including aggregates of AChRs, and junctional folds. Changes in the distribution of agrin during synaptic remodeling, denervation and reinnervation reveal that agrin can be quickly and efficiently removed from the synaptic basal lamina in a regulated manner. In order to fully understand this mechanism we sought to identify those molecules that were responsible for the removal of agrin. Matrix Metalloproteinases (MMPs) were the most likely molecules since MMPs are involved in the regulation of the pericellular space, including the cleavage of matrix proteins. In particular, MMP3 has been shown to be effective in cleaving heparan sulfate proteoglycans. Antibodies to MMP3 recognize molecules concentrated in the extracellular matrix of perisynaptic Schwann cells. MMP3 specific phylogenic compounds reveal that active MMP3 is localized to the neuromuscular junction. Purified recombinant MMP3 can directly cleave agrin, and it can also remove agrin from synaptic basal lamina. MMP3 activity is itself regulated as activation of MMP3 is lost in denervated muscles. MMP3 null mutant mice have altered neuromuscular junction structure and function, with increased AChRs, junctional folds and agrin immunoreactivity. Altogether these results support the hypothesis that synaptic activity induces the activation of MMP3, and the activated MMP3 removes agrin from the synaptic basal lamina.